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(54) Apparetiw for ostabBsMnB branch wells from a |iarent weD 



(57) AmetNJdwdappeialuttofCfeaif^mulHple 
bi«* wrtte fiom a paienl wen l» dtectesed Acc^^ 
loa ifst wrtaftnem of 1h* invention a mutttple 
ng tub i» p«otflM tar ptooemer« at a blanching node 
o( a we& Such tub Indudos a brandling ctwnber (32) 
andaplunflyolbrancMngoii!MmernberaC34^). The 
outset nwhbars, during conrtructton of the branching 
sub. have piwtouft^ been dtetorted irto obkmg shapes 
so that al of the branching outlet marnbers A wMtin an 
irraginwy cylinder which to oOBKiB} wdh anci substantia 
ly the sm radius as the branching charnber. According 
to one embodwnent. Vie dtelorted outiei mambefB are 
chafadsrized by an outer convex shape. In anotier em- 
bodfenent. the distorted oudsl membeis are character, 
ized by an oular ooncawa fhepa ii^en h a retracted 
state. AllMd8ploymantefthabfanching«A>vlBaparenl 
casft«totiawB^alomiinolootleloiMeredto9iaMertor 
of tfw «^ Tha oulM meinbeia ara aidsnded oiftMaidly 
byOw fcm*io loot andtlmullaneoualyterined into «*- 
•UnttaOy nund Ubae. Next each outM mernber is 
plugged wlh cemem, after which each branch wel is 
drikd thfoush a reepective outlet merrter. H desired, 
each bfWKh may be fried w«h casing and seated to a 
brwhing outlet by means of a casing hanger. A mam. 
I'lold placed in the brandling chamber controlB the pro- 
dudionof each brmh weltothe parent weL Accordvtg 
to a second embocfimem of 9«e invention, a pressure 
lesist^tf brmchhg sUb is pro'vided ii*tich may bo in- 
stalled in series with a casing string, and the associaled 
equ^vnent used lor the installation operation and inter- 
vention of a wsB. The brandling sub includes a main 
pipe and a taleral outlet. 
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DMcrtpUon 

Thu irnrerta rMatet generally to the field of wtRs, 
particuSarV totfw fieiti of estabiahing brarKhi^^ 
a parens rvyctaafban weL More paiticubiVthe inven- 
tk)n retales 10 estabishing iTHittple blanch wBs trcm 
eommon depth poim. caned a node, deep in the wel. 

BACKGRCXINDOF THE INVEMTION 

Muftiple wens hove been drtlad rrom a oofimon lo- 
cation, pailicularty wMe dHKng from an ofUhora plai- 
Ibcm where fniift4>la wbQs must be driled to cover th^ 
graateipensaeof oA^Kxedrilina Ae Okistialed in Rq> 
urea 1 A mS ia such wels are dIriHad frvough a com- 
mcm conductor ppa. and each ««l bdudes sulaca 
easing fnere. irtermedfate catirig end parant casing as 
it weB IcnoMn in the fekJ of oSehore drIBng of hydrocar- 
bon w©«8. OS. Patont 5.458.199 daecrfcee eppamtue 
tfid methods lor drKng muftjpto weis from a corrvnon 
weHbcre at or fkeartte surface of Iheeaitti. U^. Patent 
4.573.541 decat>es a downhote take-ort assembly tor 
a pff ent wett ^tMich ivludee multiple takeKsll tiAMs 
which communicata vnti branched weDs from a oom- 
mon poinL 

Branch wrts are also known In the art olweOdriiing 
which branch Ifom muKpla pomte m the parent wel as 
Ouclrsted in Figure 2. Branch weOs are created from tha 
parent weS. buE neeeeaaiiV the parsnl wen extends be- 
tow the brwKhng poirt of me primary wal. Aa a reautt. 
tw bfwching wel is typicaiy of a emaler dbmeler than 
tial ol theprimeiy wet which extendi below the branch- 
hg point Futtermore, c»ricut eeafing proMema have 
tec«l th* Mt lor Asl^blshirtg ccrivnunicMion t>et«Men 
the branch wel and the primary wel 

For exai^. U.S Patent 5^.648 deecft>e5 
methods relaiing to nveB Juncture sealing with various 
sets of embo(imertfs to aooompSsh euch sealing. The 
dbclosure ol t^e 'S46 patent proposes solutions to eev- 
eral serious seafing problems which are erxxxmtered 
when estabtisSng branches in a wel. Such eeafing 
problems reteae to ihereq M iremanl of ensuring the con- 
nectivty of lh« branch casing Nnar with the parent casing 
aid to mav^nng hydiauGc ieolBtion of the junctura un- 
der dWerential praaatwe. 

A tundanental problem exisia in eetabishing 
brwch wels at a depth h a pftmary waB In fiat appem- 
tim Ibr estMtfiino auch branch wells must be ran on 
pmH cash^ which must fit wlhin inlermediaie casino 
of tfie wen AoGordbis^. any such apparatus lor eetab- 
IbNng brsKh weBs must have an outer (fiameter «Aiich 
is essentialV no greater than that of tie parent casing. 
Fufthennore. i a deeiiable thai wtien branch welb are 
established, tf^ have as large a dumaier as posstolB. 
SlillUfther. » it desartibie that such branch wefts be lined 
wKh casing wtucti may be estabished end sealed with 
the brandling equipment wlh conventional casing 
hangers. 



An nportant object of this invention b to provide an 
iViparatus and method by which muMple bfiVKhae con- 
nect to a prfmaiy wel at a single depth in Ihe wel where 
»w brtfich wens are oontroled and sealed with rasped 
tolhapiiviary wen with oonventionallner-tocasingoorv 



Another important Ob jsct of this invemien is to pro- 
vtoe a mufUpla ouUel branching sub having an oiAer ci- 
amler such that i may be njn in a wel to a depk^mnnl 

10 localion via prtmary casing. 

Another object of this Invention is to pwAto a mul- 
tiple oirtlel branching sob In which mulipis o«Ms are 
t^xicflted In a retracted state and are expended vMIe 
dowrMe at a brwiching deptoymert tocMion ID pro- 

IS ducemaximunbrEvich wel dtemeterstomtod to pro- 
vide conventional Iner-tocasing oonnedxns. 

Another ob)ect of this Invention b to pKyvfcle appa- 
ratus tor downhole eoqsension of rstiacted o«M mem- 
bers in order to dffect each outlel Imoananzuatopelh 

» omwoidly from the axis of the primary wei and to ex- 
pmd the outlets Into an eseentially round shape such 
that after a branch weB is drOed throufih an oMdst. con- 
ventional finer-to<88ing connectiona can be made to 
such outlet members. 

as 

SUMMARY OF THE INVENTION 

These obfocts and other advantages and foaturos 
are provided m a method arxl apparatus lor estab&shing 

30 muUple br»ich wells from a parent wet A mutipto 
bmiung sub is provided for deploymem in a borehole 
by mew of a parent casing through a parw< wwi. The 
braichbg eub includes a branching charrber which has 
wi open first end of cylindrical shape. The branching 
chvhber has a second end to which branching outlet 
m»nbers five corrected The lint end Is cwnaded to 
the parent wel casing In a conventional nnnnar. eoch 
as tyy Ihreadina tor deptoymem to a brandling tocflillon 
in me parent wel: 

4( Multiple branching outbl members, each o« Milch 
is tfiteyaRy cohnected to tha second end cf the branch- 
ng ehen^, provide fhiid oommunlcatfln wriih the 
brMhtog chwnber. Each of the outlet mvnbers is pre- 
ttMicAled euch ttiat such members are is a retracted 

4S poctiontorinaartionoftiasubintoanddbwnffirouc^ 
tha parent Welltoadeptoymer« location despbtie wel. 
Eachof the multiple outlets is substantially lotalhrwihin 
VI brac^naiy cylinder which is coaxial witi and of sUh 
starttaBy tie same radws as the first end the branch- 

*• »ig chahber. The prefabrication of the oudet members 
f<M>tta«ftftffhfMtftoifnambftrtot>etfar»fonnedincroe8- 
sactional shape from a round or dicular shape to an ot>- 
long or other euftable shipe euch that Is o«ta proMe 
nts witfwi the imagnary cyfindor. The oi«er profile of 
se each outlet member oooperales with the oirter profHee 
of other outlet members to substanllaly M the area of 
a cross-section of the imaginary cylinder. As a raeutt. a 
subatantially greator cross-sectional area the muRipie 
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outot members is ac»iiev«d wUih a crow-Mction 
bniginafy cyMar M oomparad witi a corresponding 
number of tubular muSjpIo outM nnnrtMrs of ciioibr 

cross^secUon. 

memuWpteoutJelmembersardconstnJctodof a * 
maiafai which may be ptesticaly deformed by ooW 
lormv^ AlomwH) tool is tisect aftai the multiple branch- 
ing sub ifl deployed in parani wel. lo expand at least 
or^e of the mun^le branching oudel merrt)e« outwonfly 
from »»e correction to Ihe branching chamber. Prefer, w 
dbly al of tw outlet members are expanded simutane- 
oudy. SimuRaneously wth tie outward expansion, tie 
rmiUpto outleu ars expanded Into a subsMlany circu- 
lar mdiai crose-sectionai shape along their aadal egdant 

After the rmilliple outlet mernbera eWch brandi W 
liom the branching charrtber are eKpendad, eadi d lha 
mutlplebrwvhingoUlBts are plugged Na3d.aborBhola 
is d^Bed through •■•te cta dcna of ftamumpiabianch- 
kig outlets. A subelantially round finer is provldad 
ftnuj;^ the ealectod branching ouUet and inio the » 
bwich iwlL The Iner of eliculaf croee^ection Is aaaled 
IP Vta setaded branchkig ouUal cifcular crose-eection 
by means of a oonvertionat cashg hanget A borehole 
wid Iner is astabifihed lor a pluratty of the mmt^ 
brwicNhg oOdeto. A downhole manlokf is instaled In » 
Ihebrwichaig dwnber. Next muttiple branch wells are 
eompleled. The production of each branch wal Id the 
parent we« is oonMed with the manitakt 

The i«)pvatus lor ei^nndng an oudel of the muAi- 
ptebfWKhng sub Includes an uphole power and control » 
w^a and a downhols ope«tional uni. An electrical wiro- 

corvwAs the uphoto power and oonlral una and the 
dOwrMe operation^ unft. The wireine provides a 
phyeical ccrvMciicM for lowering the doeffihola opera- 
tional unl to the brwKhing sub and prowidaa an alactti- » 

patt) lor tiwamteelonaf power and Wdbectionaleon- 

tfol and status signals. 

The downhola oparationai unK hdudaa a lorniing 
medwmten anangad and daaigned tar insarlion in at 
leaatonerelredadbfBnchingoullslmembere^fteaub 
(and preferably into aH of the oudel mernbers al Ihe 
8Mna Uma) «id tor aapandhg tto owllBl raember out- 
w ai dly from la fcnaglnaiy cylinder aideploymenlPraf- 
•nMy each oudel member is expanded oUwaidly and 
aapandedtoadrcularradtelcroes-saction Bimuaaiie- 
OMSly. The downhole operational unit incfcidee latching 
ml ortentaflon mech»^iams nWcl» cooperate w»i oor- 
r e ep ondbg mechanisms of the eub. Such coopefating 
mechttteu aSow the terming mecliantsm to be ladtaly 
orierfted witxn the multiple branching sUb so that lie » 
aigned with a selecled outlet of the ea> and preferably 
w«h an of the outlets of the sub. The downhole opere- 
tional untt includes a hydraulic pump and a head having 
hydrauic Quid fines connected to the hy*Bufc pump. 
Thalormbgmechwmlncludasahydraulicanypow^ « 
ered tomiing pad . A leleaeopic fc* between each loon- 
Hig pad and head pinovidee pressurized hydiaufic Ihiid 
to the forming pads as lhay move dcwmwanty »Wle ax- 



panding the outlet members. 

Accofdng to a second etemative embocfimert of 
the invention . abranching sub is prwnded which allows 
mumple branches from B parent casing wthout the need 
lor sealng joinss »id whidi allows tfto use of conven- 
tional welcontroUed finer peckers and casing joinis. The 
geometry of the housing ol re branching sub anows the 
hous«ig to achieve maxmm pressure rating cor)sider> 
aig Ihe site of the branch outlet with regard to the size 
of the paianl casing. 

BRIEF DESCRPTIONOFTKE DRAWINGS 

Tha ol4oct8h advantao^ and features d ttia im^ 
toi w« become more apperani by reference to ttie 
dMngs which am appeitoad hereto and «««erein an 
■ualmflva eirtedknertf ol tto invartflon Is tftown. of 
which: 

FigurealAand IB Usstiato a prior art triple Oner 
pacltod in a conductor casing termination in i^tfilch 
outlef members are round during Instalatioi 
and are packed to m wihan the conductor casing; 
Figure 2 aiustrates a prior art parent or vertical wen 
and lateral branch wels which extend therefrom; 
Figures 3A. 3B, and X ilustrata a three outlet 
bi9Khtt>g sub aoconSng to a first embodiment of 
Ihe fcwootion where Figure 3A is a ratfialcross-eec- 
tion through the branching outlets of the sub. wRh 
one ouUst completely in a retracted poaltion. wtti 
anotier oudel in apo^on between its retracted po- 
stion Mid Is (uny Aiqanded poeMoa and the Ihifd 
ouHel being in a hjHy extended posliort. and Whan 
Figure 3B is a radtf ooee^eection Ihrouch tie 
btmhbig oudeto of tha sub wlh each of the outlets 
luny «>P»vM after tfspfoymem in a parent weH 
md Figure 3C Is an axial crose-eectton of tfie 
brandling sub showing two or the blanching oiaieU 
ItiDy expanded to a routd shape n e^ich casing has 
tieen run into a brvKh wel and eealed with respect 
to the branching oultecs by means of conventiortal 
iiner hanging padiers. 

Figure 4 ie a perspective view of a three aymmelrl- 
outlet brvtching MD ol e first embodlmeni d the 
kivention wtti the oullel branches expanded 
FIguree 5A. SB. SC. and 50 austrate oonligyratione 
oftheBffsttfubodfcnartoftialnventtonwilhasym- 
melrical braidung outfets wlh al leaal one oiM 
hav^ tergar Mamat dhnansions than the ether 
twot with Figure 5A being a radial croea-eection 
throufift ttto branching oullala along ina SArSA In a 
retracted posilon. win Figure SB being an axial 
ciosa-eaetion through 9ie inae SfrSB of Figure 5A, 
wfeh Figure SC being a adW cnee-eactian along 
Inea SC-SC of Figure 50 wlh the branching oUlets 
in «i expmded position, and wSh Figure 50 being 
an axitf croee-seciion along fines SD^D of Figure 
5C wtth the branching ouilels in an expanded posi- 
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tion: 

Figures ttistrais ladW crees-secUoro ol 

MvefalAxampteorbcanehingoaiMoonfiguiations 
clP>< branchin g sub aocoitfhg IP ih>fiiSlefi<>ocg- 
mentofOwinvaitiQawahaBoiillalbran^ « 
•jqnndad from tieir retractad stme during ctofio^ 
meni n a pareoi iMOl. wlh Figure 6A Utistrmng l«m 
equaldiamelerouUei branches. r»gui8 6B tBustiBl- 
ng Ihrae equal diameter outlet branches. Figure 
6C. 0(0 Figure SC. flustmting three outlet branches io 
iMthorM branch characterized fay a brgerdumeter 
than (he other tmo, with Figure 60 tlUBtratng lour 
equal dS&meter outlel branches, and wlh Fgure 6E 
Oustrating five oudet branches with the center 
branch beirig g# emaler aameler than the O0«er 
•our. 

FIguree 7A>7E Busbaie stages of si^j an d^ig tw 
outlet membonof an expandable blanching sub ac- 
cording to tm mriaotx, wth Figure 7 A nustfBling 
, an aodBi cross-section d tw eub showing mutlpla » 
branching oudott wlh ens suchoudat ha ralracted 
position and ttie other such outlat being aKpanded 
starting wUh is connection to Ihe branching head 
and continuing s uipa n i ti on downwanflif tosord tt>e 
iowa f o pc ning ctlhabranchingoUieta. with Figure » 
7BiBustntlng8fadtalcna»e8ctionaiaKlalpo6ition 
B d Figure 7A and assundng M each ol tiree 
symmetrical branching outlets are being expanded 
simultaneoueV. and with Figuree 7C tttfough 7E 
stwwing various stages of sxpar^slcn as a function » 
Ol axial dManoealor^ the brarvNng outtets; 
Figuree 8A and 8B flHistrste respectively In axial 
croee^eection and a radBl croes-eection alGr>g Ines 
e&eB. latching and orientation profiles of a branch- 
ing charr<)er of the branching sub. and Figure eA 3S 
further Hustiatas an extension leg arxJ supporting 
shoe lor deplofmeni in a parent wel and lor provid- 
ing stabifly to tfte branching eub viMie expanding 
me branching oiittets from their lelncled poslion: 
Figur»9echeniaticalyilu8tfaleeuphotoanddOMiiv ^ 
hole apparatus lor eoipanding the branching outlets 
of the branching sub; 

Figure 10 Mustiatee stepsof Am pfocass ol fl^iand- 
big and fomting tta blanching OII0OIS witi a pns> 
Siva lonning pad ol fie apparatus of Figured. « 
FIguree I1A-11H luslrate stape of an instaftaiion 
saqueneelofanod&l branchin g sub and tor creatng 
branch wem from a parent wait 
Figura 12 ilusliaies a braitchmg sub deptoysd In a 
parent wel and further OustratM branch «^ InefB so 
hung from branching outlets and stil further ilus- 
tratas prcxiuction apparatus deployed in the branch- 
ing sub tor cortfrofing production from brarKh wels 
into the parent welt 

Figures 13A and 13BgeometricaflylkJstrate tie in- 
crease in branch weS size achievable tor ffiis inver>- 
tion as compared wth prior art conventional axial 
brwich wens tfom liners packed at me end ol parent 



Figuree 14A-14D ve Oustrailve eketchee of nodW 
branch i rtg a o cw dht g totheiiyenlionwheraFyire 
t4A ilustraiee establishing a node in a perar« wel 
and^astabOshing branch wels at a ccnvnon depch 
poirSt in the parent wel. al of whch oommunicsle 
wima parent WBi at the node of the parer« wei: wkh 
Figure 148 iiustrating an «q>anded branc hi n g sub 
which has had Is t>ranching ouOets expanded ba- 
yond me dtameler d the parent casing and fomwd 
to bo substtfttiaSy found: wth Figure 14C Buttrat- 
ing using a primary node and seoorKlary nodes to 
produce hydracarborv tram a sinc^ strata; and wim 
Figure 140 ilustfating uskig an oxpanded blanch- 
ing sub from a primary node to reach muft^ sub> 
tenaneen targets; 

Figuva ISA Hustratee a hvo outtet verskm of a 
blanching sub acooidhg Id the lirat embodimeniol 
ma invertttaawtm Figures isa 15Br. isa and 15D 
ifaalmting cross soctional pioWas of such two om* 
Isl vaiaton of a branching sub wim an flftsmalli^ 
poeMoiming tool at various depm locations in the 
oudal members; 

Figure 16 Hustratas a two arm aBemative version 
cf a posl'Idrmsig tcxil; 

Figures 17A-17D Blustrate the operation of such at- 
tematfve post-lorming tool; 
Figures 1 8A • 1 BE tBustrate a branching sub accord- 
ing lo the nrst embodimenl of the invention with con- 
cava detofmatlon d me CKanching oudets; 
Figuree 1 9A - 19C ffhistrate an anemative actuating 
apparatus acoorxfing to the invertkn. 
Fgures 2QA end 206 nustiate a eeoond embodl- 
mam of the Inventkn where Figure aOA is an exte- 
rior view of a branching sub wim a main p^pe and a 
Uaraf brmhbg outM and Figure 20B b an tfdal 
section view of such branching eubc 
Figures 21A and 21B are eocial and radial sedion 
views of the branching sub of Figuree SOAand SOB 
but in a retracted state, and Figwae 21C and 21D 
are axial and radial sectnn views of the branching 
sUb «f Figurae 20A «id aOB In an aspandsd staia; 
Flgun 22 Is a ^aph which shows thai ths yieU 
sirangm of me housing material of me branching 
sub incraaaas wth the rate ol d e format i on during 
saqpansion; 

F^pira 23 is a schematic ftwtiatinnof the branching 
sub aujui d iig to a eeoond en^bodiment of the in- 
vertfon where lateral or branch holes are cmaled 
lioro the mam body of the sub or subs to reach db- 
tind lor motions from one main borehole; 
Figure 24 Ihidrates me use d a dBflading tod 
wfwch n»y be inserted witiin the main pipe d the 
braiKhhg sub whereby a driBing tod which enters 
from the lop d me sub may be dkected into the lat- 
eral ouDet; 

Figure 25 ilustrates two branching subs connected 
in tandem wim the tandem conr>ection placed in a 
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saitos or casing Ms of a casing ctring: end 
nguras 2SA and aSB ftMlrata a cap iN*iicfi may ba 
walded across Vie brancMngaaiat in onlar ID dose 
ft on for certain tMol opaftfkm. 

DESCRIPTION OF THE PflEFERREO 
EMBOaMENTS 

As described above, RgufBS 1A and IB ilustraie 
0ia pcoWenw wih pciof art apparatus and methods lor 
est3t>istUng branci) wels f rom a parent wal. Rgwes 1 A 
and 1 B show fadiai tfid axiai cross-eecSiorts o« miAiple 
outlet fcws 12 hung and saated from a large diainelaf 
conductor pipe 10. The outleU are round in order 10 ta- 
cSiaie uea of oorwentional ining hanger packers 14 to 
sad me outM iners l2lor ocsnvnunkacionwahttw con- 
ductor pipe 10. The anangamant of Figures 1 A and IB 
roqwies M muhiple round ouUeU of dtameler Do a 
wXhfcithadtemetarDslof ttia conductor p^ 10. In many 
cases. espectaOy where ma ccnAidor pipe muslba de- 
ployed a depth bi the wen fBlhar tai at the aurfaca 
of the wel. His not taasUs lo piovlda a borshola of sul* 
Bciem outer ciameter toaPowr b ranch wel outfetsof eut- 
ficieni diameter to be instated. 

Ihe tecTvikiue of providing blanch welb accortfing 
to the pitor ait airangement depidad in Figure 2 creates 
branch wels 22. 24 tromaprvnaiy weD 20. Special seal- 
ing arrBngements 26. uniiceoorwenuonal casing hang- 
ers, must be pfovktod to seal a lined branch wel 22. 24 
to the primary wee 20. 

Desertion of Branching Sub Accordmg to a First 
Eihbodhwnt of the mventian 

Figuree 3A. 38. and 3C llustrata a brarKhIng sub 
30 aooonSng to the irwenlioa The branching sub in- 
cludes a biancMng chamber 32, {Mch may be con- 
nected to and earned by parar« wbB casing (Sea parent 
casing G04 of FQura 1 2)). and mu«pla outlet members, 
lor eavrvle Hvee outtei members 34. 36. 38 itairated 
m Figures 3A.3av)dX. Rgum 3A is a radial cross* 
seetion view ihfouflh me branching chamber 32 wMch 
nutlraiee one ounei member 34 in a retracted stale, a 
saoondouiiaimemberSSinthe stale of being expanded 
CMitwwdly. a INfd oullel member 38 wtiich has been 
fully eiQMnded outwwdly (Figure 3A is preeentad tor i> 
tostradra purposes, becauea aooonfbg to the invention 
t is preteaed lo expand and circularire each of the out- 
lets sknulianeously) In the ratraciad state, eadi oudel 
is defonned as shown particutorly tor ouDal member 34. 
A round tube is defonned sudi that its cross-sectional 
interior area Fomains ossenttally the sarrie as thai of a 
ckcu^ or rouid tube, but Its oxtenor shape b sudi that 
i fits cooperaSrvely wim 0>e deformed shape of me other 
outlet rnembets. aB wiihia an innaginaiy cylinder having 
a divneter essentially the same as mal ol me branching 
chamber 3^ in mat way me brandling chamber 32 and 
iu retracted ouilei members have an aflective outer di- 



smeter which dtowa ft to be njn in a parent wel to a 
daploymont bcsbon whie attached to a paranl cashg. 
CXrtlet member 34 in is retiaded stale is Oustr^ed in 
») oblong shape, bat omer retracted shapee may abo 

c prove to have edvantageousdiaraderisticsL For esarih 
pie. a concave osntral area of deformation kt me outer 
side ol a retracted outtel member may be ackontageous 
to provide a stitor outlet mMnber. Sudi de for mat ion Is 
progressively gr«ater and deeper starting from me top 

10 to the bottom d the ouOel member. 

Figure 3A tfiows oudel merrtier Sa In a st^ of be-- 
ng expanded n an aicuale pam oubaardhf Crom ma 
tMcrahing dumber 32 wMto sbnuftaneousV ba^ 
fouvlBd by a dDwmola toffning«gqpandhg tool mat is 

ts desertedbeto«ThaanowtlabeledFrepfaaenitoreas 
being appied bom tM kiMlor cf lha oudal member 36 
hotdartoeavandMoiMinembarboiboulMnlyIn 
an aicuala piA awqf from branchfeig chamber 32 and 
to ckcutariza i tan ratradad aiato (as is the oondi- 

ao tion doutfatiaenbar 34) tofts o^anded or fully de- 
ployed stato liG» oudai member 3& 

Rgure 38 is a radial crDes-aectlon as vtawad by 
ines 35^ of Figure 3C through the branching sub 30 
at me level of oudet members 36. 38. Figure 3C Sus- 

2S imies oonveroianal casing iners 42. 44 which have 
boon installed rvough branding chamber 32 end into 
respectf^o outbt mombers 38, 38. Conventional liner 
hanging pad(^ 46. 48 seal casing Sners 42. 44 toouUel 
members 36. 38. As Oustrated in Figures 38 and 3C. K 

30 me dbmeter Ds2 of the branching chamber 32 is the 
sane as the diame^r Dsl of the conductor pipe of prior 
art Figure t B. men me oudel dtemetarQo of Figure 3C 
is l.3StimesasgreetasmebulerdiameterOo(4Figura 
laThalneromee^actionalarea^el the aubof Figure 

» 3C to 1.82 timeeaa great aa the RnercfDsa^aclional 
area Soof Fl^aa 1 A. When ftiOy upended, the affecttre 
diameter of the aj^ianded outlet nwrrriwia 34. 36, 38 eo(- 
coeds that of me branching chamber 3Z 

Experinerts have beenconduetad to prove the fea- 

40 sfttOty of menJacturing branching sub 30 wim outlets 
in a retracted state, and later operationafly ai^ancfing 
outwardly and -ounding the oultotB. 

ExperimenI Ptesa 1 

Twocasvigsizea were selectedt a first one, one me- 
ter long was7 act) iSameler casing a wal thickness 
of 4.5 nvn; the second was one meter long and mm 7 
nch ditfneter casing wlh a wall ttiickness of 8 nm A 

BO hydTBuic lack was designed for placemenC in a casing 
tor expand^ ft. Each casing was suocesdu9y pra- 
Icxmed into an efliplKal ibape. a«. to smrtale ma 
shape o( outlec member 34 in Figure 3A and reformed 
Ho ctrcute sfepe iMe using a dicutarfeting terming 

u haadwimme^CirculBriy;6kethaiofoutlslmember 
38 of Figure 3A was adaevad wtti pkia or minus dVer- 
ence f rom parted circubitty of 2 mm. 
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ExpefimenlPhBse2 

Two. one meter long. 7 inch tfiameter. 23 pound 
casings won machined aDdany at an angle of 2.5 de- 
grees. The iMcasingswMsjohocllogemer at tieir era- 
cMned ttirlaees by eleelran beam (EB) welding. The 
joM caskigs were detonned to 61 inside an 11 mcti 
«fiameler. The welding at ihe junction ol Ihe two casings 
md lha casings thamselvas had no visible eracks. The 
maximum dtamelef was 10.7 inches; the nnninnum iS- 
ameter was 10^ inches. 

a) litechineiy 

BelOFS iTttig each casing ai an angle of 2.5 de- 
grees, a spacer was temporadly welded at Is end to 
avoid possMe dekymadon during machMng. Next 
each casing was rnacMned f0U(^ and then finished ID 
assure mat each machined SMrfaca was copianar wim 
the other. The spacer welded otlhe end of the easing 
was machined al tie same tmne. 

b) Welcing 

The two mach^sd casings were assembled togeth- 
er with a Ig. pressed together and carefulV positioned 
to maintain afigrwnem of the machined suilacae. The as- 
sembly was »)en fixed by several tungsten ineit gas 
(TIG) spot welds and t>e pg was remcwed. In an EB 
wetfng chani)or, the machined casings were spot 
welded altemately on botfi sides to avoid possiile de- 
formation which could open a gap b^waen ttw two 
sudacee . Next about 500 mm were EB welded cn one 
side; tfte oonMnation was turned over and EB welded 
on the other side. Fnaly the bottom o( tie combination 
was EB weldsd and turned over again to compMe lha 
weldmg. The resuR was safetactory: the weld fiflet was 
continuous without any loss of materiai. As a rasuft. the 
two machined suffaces of the casings were joined with 
no gap. 

e) Defomtation 

DeformaOon was done wfth a apecial pg of two por- 
tions of haH cyNndera pushed against each other by a 
lack W0I aloicaof dOmetriclons (G6.000 pouncteX The 
tnl cyfinders had an Inalde dtameter which was sifi^ 
emaler than 11 inches. /jDcordfcxriy. ^ ^ diameter 
ofthedefom)edBssemblywasieestt>an11 irvheswhen 
the junction was deformedl Ptiers were placed inside the 
Junction K> aid delofmabon or the oullat where ft is cr«- 

at the end of fw tube where the defcwmaiion is max- 
im^ 

A large wedge witti a 5 degree angle was installad 
between tw two oudeto to tadfitale ftafloning them 
when delonning. The deformation started at the outlets. 
Force was ^)pSed on the piers and simulaneously on 
the jack. A forte of about one ton was continuously ap- 
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p6ed to the pliers; the outside pg was moMod down in 
steps of 125 mm: at eech step a kMoe of 15 metrie tons 
(33.000 pounds) was appfied. The operaton ans re- 
peated with a force of 20 metric tons (44,000 pounds). 
5 9id the end of tteouOets started to flatten OTihtt wedge. 
The process was completed at a force of 30 mebic tons 
(66.000 pounds). The resuBing dstormec oroduct was 
saiistactory. 

It is preferred to mofStf the shape dl the piers in 

10 such a way that the pieis detorni the sum «Mi a 
smooth angle and to weld the wedge after dafomation, 
ratier thai before^ and to wekf ft by us»g tM> targe 
wedges on each sfcto of it to avoid a yitqpM" ctofor- 
maten of Ms area. 

IS ExperinMr«Phaaa2wasoonductsdasaQandtime. 
but wSi a steel ahaeC riketal stiltanar ewUad atong tte 
EBwaUaofbothsUeeofttoJundtonoflhetwocasings. 
Tlia junction was dafcxmedas it ExperinBr< Phase 2 
lolftwihinanll inchdtamattr. AJackaithalofcaol 

so 30m6lrtotons(66j0O0poundi)wasusad.PiafB.astor 
tie first jundfon^ wara not used A iHga w«4ge was 
used toriha Risl junction with a 5 degree anc^ cut in 
tMO md InstaNad on each side of ttie wekM wadga be- 
tween the two outlets to facOBaie Danensigof the oUlets 

ss when detonning. The deformation stanedatttwoudels 
snd conUrniedtoward the junction. This operation was 
lepeaied with a force of SOmtric Ions. T^e end of the 
outlets s^ed to Ratten on the wedge. Tht portion most 
difficua to deksrm was arouid the junction af lha casings 

» where the outlets are compiele inside bat wetoed to- 
gethei; where the welded surface is b^ween me lop of 
the inskJe effipse and the top of the outsito e^pea. As 
a resull of this experiment, a higher capably jack ol SO 
metric tons f oica wsts provided. 

3S 

Experiment Phase 3 

A hil length prokslype wfth two 7 incf. casings con- 
nected to a 9 SS inch casing was marUactured and 
4Q preeaureteeledL Testing Stopped at 27 bar becwisade- 
lormation was occurring without pressun ^riatton. 

a) Machining 

4S Macfiining was pedormed In the Sana way as tar 
the two prwious juncttons except M tw len^Vi ol the 
cashgs was 1.2S meters instead of 1 metec and a 
groo^ was rnachined around the eltipticd profle to erv- 
hme the EBwekfing process. Addlionai^ a bind hols 

so was machined on tie plane of the cut of cactt casing to 
InstaB a pin between the two casings ID vrtwida iMtler 
positioning. The upper adapter was mac^nad OA of a 
sofid bar of steei on a numericaBy oontroflBd maing ma- 
china to piovida a contiguous prolito between the 7 inch 

ss casings, wttha2.5degreeangla.and1haf SOinchcas- 
mg. The adapter «tts machined to aocao a pkjg. The 
iwier dtameisr of the kvwer end of the 7 ndfe casings 
was machined to accept the expanding pug& 
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b) Welding 

Tb« iv» macfMd cat ings wa fo assairtbted togem- 
er with a p9 ^ ptwsed togellwr. The assarnWy waa 
then food together by several spot TIG wekte and the 
was removed. In vi EB chamber, the two parts were 
EB spot welded anemaiery on botf) Gide» 10 avoid pos- 
sible deCormatioa Then the two casings weraEO weld- 
ed on one side; the assembly was turned ow and EB 
welded on the olhet side. The BSMmbled casings weca 
iovied sadstactorffyi An adapter was then TIG wekted 
on the assembled casings as wefl 85 a wedge In be- 
tween the 7 Inch casings. 

c) PrBssw» Testing 

Delomttllondtfingpfasstralasting was measured 
using two Bnaar pcieniiomBters placed on the EB wrtl 
The piwsure woe iweased by ilepe ol 5 bai; and tha 
vahwqfttwpoinfipmeterwa s fecoidedaiatmopharic 
prassm el 9m glMn presswei and when returned to 
atiiiosphe f icpfessire. As a result or such preseure test' 
Ing, ft was detenmd that the total pla^ic deforniation 
of the casings near their junction was 4.7 rrvn and out- 
wardly of their juncbon was 37 mm. 

Expervnent Pt«so 3 showed that the deformatior* 
at 27 bar wasloo high. Nevertheless, the deformation 
was locaSzed in a smal area. The upper adapter and 
the large casing welding act as stiTenerSv II was deter- 
mhed to add a stilenef in the plane ol welding which 
can be "Miomf in »w area of tow deformation. 

ExpefimentPhase4 

A ful length piololype wtti two 7 inch casings (9 
mmthlcline8»)oonnecledtoa9»8 Inch casing waade- 
lormedtoninskleal0.6ftKhcyfinder.Thisdetonnation 
was perfomted using ttw same |g used tor Experimeni 
Ptttoe 3. but wth a jack with 50 meuk: ions capadly 
Instead of 30 metric tons. 

a) Defomiaiion Jig 

The deformation pg was modHied to aocepta higher 
deforming force and ft»e bar which supports the Oxad 
half rf^eD was reir*)icedL The pg was bofted on a frsme 
and a ciaw was induded in the frame to in the junction 
and dbplace ft dunig tie delomiatton proosea. 

b) Deforming Process 

The change d dfcnension of the joined casing ctor- 
v)g defomiaiion was measured using a sfcfing gauge. 
S uch change oi dimension was measured before apply- 
ing the pressure, irtler pressure and after rolaasing the 
pressure. Delomwbon started at the middfo ol the iune- 
lion where ft is ttmest and continued toward the ends of 
the outieis because the deformation must be larger at 



the outlets. The deformation on the txDOom of the jimc- 
tion was too hig^ on the first run and reached neaiV )0 
Mies. At the midcte of the junction, the deformation 
was aboU 10.6 iTKhes. Except for the bottom end which 

5 MQsdetormed too much wit) negativscunrature around 
the wedge, tie remainder of the jttnction stayed around 
10.6 Mies. The imximum pressure applied was 670 
bar which requireda force of 48 metric tons. For joining 
ml deforming casings of micker tubes, the jig must be 

te fsbutt to accept laigadefarmingfoices. 

c) Conclusion 

The defbrmation ol tfie prototype of ExperimanI 

ts Phase4waseonduaedeasaywtthttMnewPg.Thec8S- 
ings were reopened to tte original shape. 

Figure 4 b a perspedVe view of tw branching m4> 
30 of Figures 3A, aa 3C where tie UancMng sub is 
tfwwn after expansion. Threads 31 are provided at tie 

2t top end of bcanching ctember 32. Ttireads 31 enable 
brmhhg sub 30 to be connected to a parertf casing for 
deployment ata subterranean location. Outlet members 
34. 36. 38 are shown eocpanded as they would took 
downhole at the end of a parent wefl. 

2S Fgures 5A-5D dlustrBls an aftemative tvee outlet 
branding sub 301 aooo»ding to me Invantfon. Ftguies 
SA and SB itustrald n radial and axial cross-sectlon 
views the sub 301 n its retracted posftioa Outlet mem- 
befs341. 361 and 391 are ikistraled with oudet member 

JO 361 being about equal tothe combined radtolcrose- e e c - 
tfonal area of outiec members 341 and 381 combined 
Each of ttw outlet members are dtformed inwardly from 
a round tububr shape to the shapee as ikstraied in Fig- 
ure SA whereby the combined deformed areas el oi*lBt 

as mambers341.361vid3B1sub6tBnttaByfaitf>ectrcvter 
area of branching charrbef 321. Other deformation 
sfiapes may be advanbgeous as mentioned above. 
Each deformed shEpe of outlet members 341, 361 and 
381 of Figure SA is rttaraclerlzedby (tor oxample.of ffte 

40 outMmenter 341*3 circular outer section 342 and one 
or more connectir.- non-circutar sectioos 343. 345. 
Surf* non-circutar sections 343c 345 are cooperatively 
ahe4>ed with section 362 of oudet member 361 and 382 
of outlet meirber 351 so as to maximize the internal »- 

45 dW aos»-sectiona« areas of outlet members 341, 361 
and 381. 

Figures SC and 50 Susttaie tie branching sub 301 
of Figures SA ml SB aner fcsoutlel membershave been 
futy expoKtod after deploymeni in a parent weL OJtfet 

so members XI and 381 are ilustrated as having been 
sbnuBaneously expanded In a gendy cunnng patti oU- 
wariSy tram the axB of brariclikig cfiarnber 321 and ex- 
panded radiaBy to farm circular tububr shapes from tie 
deformed retracted stale of Figures 5A and sa 

SS F9ires6A-6E show in schematic form tie siie of 
a^pmtod outlet memtiers as compared to IhaA of the 
brancfung chamt>er Figure 6A shows tvto outlet rr>em- 
bers 241, 242 y^veh have been expanded from a de- 
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loaned ralracled stata. The dtametan of outlet tnom- 
ber* 241 and 242 ai* sobetanSaOy greater in en expand- 
ed stale a> compared 10 their droular (Sameten I they 
ootid not be eac pa ndedl Figure 60 repeate case of 
Figure 3a Figure GC capealft the uneven tipla ouSel 
oonfigurBUon as shown in Figuree 5A^. Fgufe 60 B- 
lustratBS lour wn p a nftoWe outlet rrkembert from a 
brwKhing cttamt>er 422. Each of ffie outlet memkm 
441 . 442. 443. 445 are oflhe same tfameior. Figure 6E 
ilustmtee fr/e ouiet moertom, where oudet member 
545 n smaler than tte other tour outlet meirbers 541, 
542« 54a 544. Oudat member 545 may or ray not be 
deformed In tfie lebactod state of the brancfikig sub. 

Deecription of Mettod lof Es^pendbiQ a Deloimed 

IHgurae 7A»7E Burtnite downhole luiiiifcig headi 
122, 124. laeepetilingalYBflbuedepOwineuileifnem- 
befeaa 94. 3& As tfkownonlhertgNhandeldeolFIg- 
ure 7A, a generaSted toiming head 122 ie shown ae K 

enters a defwi ie d rebacted outlet mefUber, far example 
outlet mecrber sa ai locatian B. Each of tie tormhg 
heads 122. 124. 1 26 has not yet reachedan outlet mem- 
ber, but the heads havw already begun to expend the 
outlet wal of brarKhng chamber 32 outwardly as Blue- 
tralad in Figure 7B. Tbe fomrting heads 122. 124, 126 
continue lo expand the outM members oirtwanfly as 
shown at fexalionC. Figure 7C shows the forming heads 
122. 124. 126 expancfing the outlet members outwaKfy 
while eimuBaneously csculariting them, fxmung pads 
123. 125. 127afeloroedourwardly by aplstonineaeh 
of tie fomwig heads 122^ 124. 12B. The lorming fieads 
stmultaneousy bear ageM central wal regkin 150 
which acts as a reacliofi body eo aa to eirnultaneouily 
expend and form the oullel membaie 9B, 34^ 36 wtiSe 
balancing feective tefoee «4iae enpandbig. Ffgiiree 7D 
and 7E illustrate tM lomiing stop at locationa D and E 
of Figure 7A. 

Figures 8A and BB Rustrsta an axiaRy e nencSng 
slot 160 in the branching chamber 3(2 of brancfwig sub 
30. Such sloi 160 coopeiatee wi0i an orienting and 
latching sub of a downside forming tool for radbl poe^ 
tioning ol such ortenfling arxf iBkiiing sub kx forming arid 
socpanding tie mjftiple outM memters dowrtiole. A 
notch 162 in branching chamber 32 Is used Id krtch the 
downhole lorming tool at a predetermined axial position 

An eodension leg 1 70 projects do%niMUcJlylrom the 
central wall region 150 Of branching eub 30. A loot 172 
b carried at tie end ol extension leg 170. kioperaiiDn. 
foot 172 is lowered to the bottom of the borehole at tie 
deploymeni locatiorv It provides support to branching 
sub 30 during forming loot expanding and other opera- 
lions. 



Dtiicrytion of Forming Tool 

a) Oescnption of Embodment of Figuree 9. 10 

5 Figures 9 and 10 Bustiate the lorming toot used to 
n^ond muRple outlet members, tor example oedet 
mpTi b e> s 34 . 36. 38 of Figuree 3A, 38, and 3C and ^ 
urss 781 7C. 70 and 7E. The forming tool inctodasup- 
hoa apparatus tOO arxl downhole apparatus 200. The 

10 upboleapparatuslOOinctodssaoomfantionBloompitfBr 
102 progoimmed 16 oontpotteiemc^ and power sacpiy 
unt t04afid torocolvooQnvnBnditianianddtapl^irv- 
ftavieliantoahumanopeisloft An upfwle winch unl 106 
haa n alactricaf wirefrie 110 spooled ttiereon IotIm^' 

ts eriiqdbwnhole appfti8tu»200lhioufiha paiemwel 
casng sid bito tie Iwancfiing cfierrbef 32 of a tNBdK 
Ingtub 80 wNoh is coftfiected to and cantadal tfiaand 
ofCtoparantcaalnB. 

Tha dbwnhole appcnfais 200 fcidudse a coiasr>* 

» tianai cabto head 202 which provides a 8tren0tViBkclri- 
cslcormction to wtrelne 110. A telemetry, power sup- 
pBss a nd con li o te module 204 indudeeconvsritionata- 
lerietiiii power supply erid coritrd circuits «4itch function 
tosonvnunicate witi uphoie computer 102 via wiraine 

» 116 and to provide power and control signato to doerv 
hdto modules. Hydraulic power unit 206 Includes asm- 
ve>TC)onal electricail/ powered hydraulic pump for m- 
dicing downhole pressurized hydrauic Auid. An orenl- 
ing and laiching sub 206 includes a latching derice 210 

90 (GdiemeticaOy nustratad) lor fitting within notch 1Q of 
bmhing aiamber 32of Ftgure 8A and an oriontir^de- 
vica 2t2<scfiematicaly nustraled) tor oooperadngalti 
elBi 160 of bmnchsig chamber 32. Whenlhedowrnoto 
apparatoa 200 Is towered Into brandling sub 30. onsnl- 

ar hgd0vioa212entersfieelot16Oandtiedo«v«iolsap- 
psRM aoo Ie furtfier Idwered unti tw tofching ciarica 
218 enters and latches wUiln notch 162. 

Fsced taveing head 213 previdee hydraulic 8uU 
oomrrmcation between hydmuBc power una 206 and 

40 9«travafingl6mrungheadei22.l24. l26.foreKarDle. 
Teesoooic Inks 180 provide pressurized hydraulic lud 
to Tatveing forming heads 122. 124. 126 as tie hiede 
1Z2. 124, 126 move downwardly within the mutipieoU; 
tei mertt>effe. for example outlet members 34. 36. S of 

45 F9m7B-7£. fyionftoring heads 162.184. leearspro- 
vi3tad to dafeimtoe the radiaf dMance moved whte fa> 
dally tanning an outlet mentoec 

F^ve 10 nustrales tiaveing terming heads T26s. 
124. 122indarerenlstagseof tormviganoutlelmeiOer 

SO oiarandiinB sub 90. Forming head 12S is Shown inoul- 
lBmentoer36.wlilchta n u s t rBt edfavaheavyBiie b rftoe 
lafllal tarmkig In the retacted outlet msrrtber 36. Tha 
oeflst mamber is shown h tght fines 36^. 36*. stwieaia 
oi^let menrtier ie dspictod ae 36^ in en intsimetfaia 

» stage cf lorming and as 36* In is final formed slasa 
lltotorming head 124 bshown as t is radMy tann- 
ing retracted outlet member 34 (In llgtrt fine) to en nter- 
mediate stage 34*. A final stage is OusifBted as cfcjiar' 
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bedouUol member 34*. The fcwminQ head 124. like the 
olhar hmfomwishwto 126» 122. indudeea piilon 151 
cn which foanmo pad 12S b mounted Piston 151 is 
IbrCMl outwafdSy by hydnBuCc tkiid appfied to opening 
hydrauae tne 1S2 and is forced Inwanjly by hydlrauic 
iuid eppfod to cloung hydraulic ine 1 54. A caliper Geo- 
8or 1B4 b provided to d^ermine the amount of racfef 
bBvel of piston 151 and lomang pad 125^ for example. 
Sulabtoaaab am provided behireen the pbtoni 51 and 
ttia lonrang heod 124. 

The tornvng head 122 and lomiing pad 123 are I- 
tustreted in Hgum 10 to indfcate thai under ceitainctr- 
cumstanoas the shape ol the outlaC membdf 38 may be 
*tivar npandad* ID oraaie a elighUy oblong shaped ou- 
lec. aueh that whan ndW lormkig foiM tram tonnng pad 
123 and lonninQ hsad 122 is lamaved tfia oudat nvfl 
spring b«A No a ocular shape due to raalduai alaalfe- 
fty of 9t$ staal ouMfnenitet 

M iM laval ol tia bnvching GhantMr 32. toming 
heads 122. 124. 12S. baisnca aach other agaM lha 
reaclloh lonaa wMs loKinQ tie vwaBs of the dutfriber 
outMidly.Acooidin|^tia1onningheads122. 124.126 
are opaialad ajmutsnaoualyi lor axampla at taval B of 
Figure 7^ Mhito loidrtg »ia lowsr and ol ths vval of the 
branching charnber 32 outwardly. Whan a tomarig head 
122 enters an oudet member SB for axampto. tf>e pad 
reaction forces are evenly supported by the central wal 
region 150 of the branching chamber 32. The telescopic 
linln 180 may be lotatad a smal amount so that the 
forming pads 127. 125. 123 can apply pressure to the 
rig^ or left from tie no«mal axis and thereby improiro 
the loundhass or cscutafily of the oudet members. After 
a forming sequence is peiloaned. lor exampte sA loca- 
Hon D h Figure 7A. tie pressurs b released from piston 
151. and the telseoopic Mm 160 lower tie fomang 
heads 122. for coampte^ down by one step. Then the 
preseue b labedagairi lorlomiing ffMouilal ineinbefa 
andaofortti. 

The oomposiiiQn of the materials of which Ihe 
branching sub 30 b oonstiuded b prafefaby of an aloy 
steel «Ah ausientc sinicture. such as manganese 
steel, or nickel aloys such as futoner and InooneT se> 
ries. Such moteriabpicwide substanliaiplaatledaloRna- 
tion with cold Ibrming tierefay providing strsngtheninQ. 

b) Oeacrtptlon of A la iiBiiy e BrtbocMment of Figures 
1SA>15D. 16and17A-17D 

An alternelfm posMorming tool b liustrated in Fig- 
ures ISA. 15B. 15ff. ISC. 15D. 16. and 17A-170. The 
p08t4orming tool 1500 b supponad by oomnon dowm- 
hole componentecf Figure 9 indudng acabto head 202. 
lelemeliy. pofwer Bi^pSes and eontrob modute 204. hy- 
dtaidic power unit 206 and an orienting and latching aub 
20S. Figure 16 OusMee Mpoet-fomning tool 1500 in- 
dudes a navel acaaior 1510. A pbton 1512 of Iravaf 
actuator 1510 moves from an upper retfadad posftion . 
as shown in Figure 1 7A to a lower extended posiion as 



shown in Rguias 17C and 17D. Figure 178 shows the 
pbton 1512 in an imermediate posftion. Pbton 1512 
moves to Intomwdiate posSor^ dependbig on tfie de- 
sired travel positions of forming heads in the outlal mem- 
5 bars. 

Figures 16 and 17D flusuate a two forming fwad 
eiTtediment of the post-torming tool 1500 where two 
outlet merrtters (e.g.. see ouHel members 1560 and 
1 562 of Figuras 1 SA- 1 50) are iRustraledL Three or more 

'9 outbl membere may be provided wKh a correspondhg 
number of forming head^ and actuators provided links 
1514 connect the pbton 1512 to actuator cyOndera 
1516. Accordingly, actuator cyTndars 1516 ara forced 
downw a rdly into outlet rrwrrbers 1560. 1562 as pbton 

IS 1512 moves downwardly 

Actuator cyMera I5l6each Mudeehydnaiical- 
ly driven piston 1518 wlich recakras presauriMd liy- 
diauie fluki from hydmufepower unll 206 (Rgum 9) via 
travel actuator 1510 and inks 1514. The pbton 1518 b 

to in an upper position as lustrated ki FIgiiraa 17A and 
17C and in a towar posltbn as ilustratod in Figuma 17B 
and 170. 

The actuator cyGndecs 151 6 are pivotafly linked via 
inks 1524 to forming pads 1520. The pistons 1518 are 
ss inked via rods 1526 to expanding rolers 1522. As 
shonwn in Figures 17A and 156*. the forming pads 1520 
emer an opening of two retracted outlet members as B- 
kistraied in Figure 1 SB. The exparvJingroOers 1522 and 
kyming pads 1520 are in a retracted poaiUon wlhln re- 
30 tracted outlet members 1560. 1562. 

The piston 1512 b stroked downv»rdly a smaM 
antouni to move actuator cylnders 1516 dbwnwardly a 
small amount Next, pistons 1518 are etioM dovm- 
wardly causing expanding rollers 1522 to move akng 
ttie kdned interior face of formino pads 1520 causing 
ttie pads to push outwan^ againsi the Interior wals of 
retiaded oultol members 1560. 1562 will the oUltet 
members achieve a cticular shape at thatleveL Simul- 
teneousiy. the outlei members are toroad outwanfly 
^ from the axb of the muitlDteouitot sub 1550. ftoKt. the 
pistons 1516 are sUoked upvi3rdly. thereby returning 
the expanding rollers 1522 to the poe^iorw as shown in 
Figure 15C. The piston 1512 b stroked another smal 
cfistance downwardly thereby moving the forming peds 
45 1 520 hMther down into the outlel members 1560. 1562. 
Again, the pistons 1518 are stroked downwardhf to hir* 
Iher expand the outlet members 1560, 1562 outwardly 
andtodrcutartEetheouOets. The process b oor«hued 
unti tie posktons of Figures 150 and 170 are reached 
to whbh ilustiate the posiixxi of the lonnino pads 1520 
erd actoator cyinders 1 516 at dbtet end of the mul> 
tiptooutlel members 1560. 156^ 

DeacrfpUon of Method tor Pi^ncfirtg Drench WsHs 

ss 

Figures 11A-11H and Figure 12 describe the proc- 
ess lor estMsMng branch welb from a blanching sub 
30 ina wen The bra n ching sub 30 bflkistrated as hawig 
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throe outlel manters 34. 36. 38 (per Vie exanple ol FiQ- 
ures 3A. 38, 3C and Figiif es 7A-7E) bui any number el 
omMB rray abo bd usod as Mbstialed in Rguros 6A. 
6E. CMy tw outtala 38, 36 aro fliMMad from the aocial 
cnies^acltonal viefiM pioserM but or ecNiree a m 
outtsl 34 eodsb fpr a three ouM example. biA il b not 
visible n the views or Figuies iiA-llH or Figure 12. 

Figure 11 A shows mat the brarKhing tub 30 is firsi 
oomectedtoihe bwrer end or a parent casir)gG04 «^ich 
to CQRveyed «MOugh intennedtoAe casing 602 (i 
presert). imennodbie casing 602 fines ffie weKxae and 
is typic^ run thfoufiT) suff ace casing 600. Serface cas- 
ing 600 «id htefmediate casing 602 are lypicaly pfo- 
vided to the weObore. The parent casing 604 may 
be hung from irtermedtate casing 602 or from the wel- 
headailhe wifaMof tiaearfiofonaproAictionplatr 
fomv 

The outlet nmbers 36, 39 (34 not shown) are in 
the redacted poeUon. S10I160 and notch 162 are piD- 
vided h branching charrtjer 32 d blanching sub 30 (see 
Figure 12) to cooperate wKh orienting deviea 212 and 
taMng device 210 or orteniing and latchhg cub 208 ol 
downhde appaiatus 200 (See Figure 9). V«ten the par- 
ent casing 604 is set dovmhols. the brancNng nib 30 
may be ortonied by rotating the perani casing 604 or by 
mating only the branching sub 30 iMhere a swM ioM 
is instated (not Musbated) a 9»e connecUon ol the 
brsiehing sub 30 wi9t the parent we« casmo 604. The 
orienting process may be moneored and eonlfOUBd by 
gyroscopic or hdiiomstef sunwy methods. 

Pesolption d Attematlve &i to fc i ie t tf d rigures IBA- 
18Fand18A-19C 

Figures 18A-18F ilustiate concave deformation d 
outlet members In a redacted sttte d a branching sub 
accor d i ng toanaitematNeembcAnentdtieinventioa 
The outlets are shaped similar 10 that d a niled surf ace 
shel. Concave ddormation d retracted outlet mem- 
bers, under certain dicumstances. piowides acAnmag- 
es tar particular oudet anar>9ements. espedally tor 
three or more ouOat nodd junctionew 

Figum ISA fltostratas. In a radtal crose eedton 
through HneelSAdthebrancNnoGliefiiMriaai.dttie 
bimhing Mb 18SD d Figwe laa tttt the ousels hBMo 
a concave shape. StBedng Cbudnre 1600 le provided 
at me Juncture d each oudd merrbar 1681. 1842. 1861 
wlh ts neic^ibor. As a reedt. the area that is capable d 
plastic deioomabon is reduced as the number d odiets 
increases. Providkig the retracted shape d the ouflet 
meriters. as in Figures 16A erd 188. alows mininraze- 
tion d 0>e area to be ddormert and simultaneously re- 
spects the prinqple d del umal ion d a ruled surface 
shea thai alows expansion by posMonryng Mil a min- 
imum d energy required. Figure 1BA Ikistratee an en- 
velope 181 0 d fie o^raB darreter d the branching sd> 
1B50 Mhen me oudel member 1681, 1842, 1661 are 
retiaded. The anow 1806 points to a dtoled area d 



structural reWorcomenL Arrow 1B04 poims to an area 
d concave ddoena l ion d 0M outleU in blanching 
charrberl821. 

Figure 18C DusbHtee the branching sub 16S0 al a 
f longludhal position d Oie junction d the outtd mem- 
bere wlheradlal cross section through Ines IdCdFig- 
ure tea Anow 1810 points to the outer envelope d the 
brancNng sub in its retracted stats. Figure 18D itos- 
trates tw branching sub 1 850 near end d me outlets 
te whils in a retracted state. Arrow leiOpdnti to the outer 
envelope d brsvKhing sub 1BS0 h me retracted ttala. 
while vrowe 1681*. 1842* and 1861'pofeit to dashed line 
outfries d the ouOet membere 1661. 1642 and 1861. 
respeclMy. after eo^aneiorv 
ts Figures 16E and 18F Ustrste the blanching eub 
1 850 In Ml eoipended side where Figure 18E to a mdM 
croee section d mrough me outtol mambeit fli me end 
d the oudet Arrow 1810 pointo to ttto Oder enveiope d 
the branching sub 1850 when toaretradedstato; arrow 
so 1819 poMstoIhe Oder envelope when the outid mem- 
bers 1881*. 184? and 1861* have been eovendad 

A prderred way d piadng me odtot merribers 
1881. 1842, 1861 lntolherebadedetaiedFigureel8Ap 
180 to to construct the stib wih me geometry d Figure 
2S 18E Mid apply concave pHere along the verticdptond 
axb symmetry d the Juneborv The detormatlan to pro- 
gressively greater and deeper starting from the top d 
the outtot members (Figure ISA) to me bottom d the 
outtot members. The entire {unction d ouUet members 
30 1881. 1842, 1861 to branchin g channt>er 1621 prdera- 
biy includes weldvtg d super plaste matefiab such as 
nickel-based ePoys (l^tond or tnoonet. tor exampto) m 
tie ddonned areas and matertato d hiQher yiekf 
strengm In me non-dsformed pelt d me branching sd>. 
X Etectton beam wekfing to a preferred method dweldng 
me oomposllesheldma blanching sub, because elec- 
tron bem wddbg minirntoee wekflng induced stresses 
and allows ioinhg d eections d dMerent compoeRions 
and mick wdto wim minimum toes d abangm. 
40 Figures ISA, 198 and ISCflkisliaie a pod-lonning 
tod 1926 sMtartome post-tomtfngtoddF^ures ISB*- 
1SD wid 16 decoM above. An actuator eonda (nd 
shown) supports the poet-tonntog tod 1926 indudng 
actoetor 1910, push rod 1927. and forming rolers 1929. 
45 Figure 19A shoars an axtol sectton schematto d the 
poeMom*)g tod 1926 operating in one outtot member 
1881 d bcMhing sub 1850 when t begins to expand 
suchodtotmsmbec Figure 19B»uslTatesasimBarsxtol 
section where actuator 1 91 0 has been otroked odwaid- 
50 ty to force push rod 1927 and Iraveing tormtog head 
1928 downward, wtm forming lODeis 1929 expanding 
odist member 1881 ouiwardy wNto simultaneously 
roundhg H Figure 19C ehowe e vertical croee section 
miou^ me brancNng sub l8S0wiha ba ve8n g lo imin g 
ss head 1928 in each d me three outtot menmere 1881. 
1842. 1861. Form in g ffoaar s 1929 force me concave por- 
tiondouttatmembers 1681. 1842 and 1861 ouiwardy 
whBe support idtois 1931 are suppdtK^againsl stiffen- 
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inO «wctur» ia». Pudi beam* 1933 prowde a frame 
tor rolallOfia»r •«*portinQ tennis 
port loOen 1931 . Springs aixl inkaoes (fMC mustr^^ 
arttpfovidod among puBh beams 1933. fanning loasra 
1 929, tfitf support foneia 1 931 10 insure lhal al mvffig 
p«ts febad to a lop poaition so M ttko cyirwal Mcft* 
anetercsl^iseslottktdBmetaroflhebranGNngctanv 
bar 1B21 (Fngura 168) of the branching 8Ub leSO. 

bioperalion, the traveang tocining head 1 92B o«F9> 
waa 19A'19C lolowsa sequence of staps similar loM 
described above wflh respect to ngures l7A-17D.The 
po«t4Dnning tool 1 926 Is oonvejrtd by rneans cl a we- 
tow wid aesodatod eonde vHtti cable head, tolera^ 
pcnm suppGee and obnbote subi hydiauKc power tfO. 
«id orisntbg M iBlching sub. and Is set ao M t» 
adu^ 1 910 soeU above tfie top of ttie junction <tf sif- 
«i*ig etnicture 1 eoa The t/aveing foming head igffi. 
comprising push beams 1933 carrying lonning rolsra 

1929 and support loSsrs 1931. b pushed ikfmt m ^ 
by poivoring actuator 1910 so thai ffie axpansloncrf each 

cudal member (e.g.. 18B1 . 1B42. 1861) be^ et tetop 
end wherelerts from tfie branching chamberia2i and 
contmuat 10 the biMr and of aach outlsC mombar. IMa 
eequance Is repeated unta the proper cbcular shape is 
n chi e v o d. 

Rgwa 11B Bustiaftas the forming step descrtiad 
tfwvawitfilormsig heads 122. 126 shovm forming nrt- 
lel rnerittWB 38. 36 wim hydraulic nuid beir^ pravbed 
by t>leeco<>ic finks 180 fiom hydraulic power unit 206 
end fixed traveing head 213. The oudei roembers 36. 
3B are founded to msDdmize the diamefer of the branch 
tMis wKf to ooopeials by fitting with iner hangm or 
pKkan in ff)e stspe descrft>ed below. The forming step 
of f^igure 11 B also strengthens ttie outlet members 36. 
3B by ttteir being cold formed. AadesaM above, tfie 
preferred metsrial of tie outlet members 36. 38 of tw 
brmhing eub b alloyed steel wHh an austenOc rtuc- 
ttire. such as manganese steel. iiWch provides subrtsn- 
tiEi piBStIc deformation combined wBh high etren^heiv 
ing. Cold forming (plastic deformation) of a mdcel sloy 
s:ael such aa InconaP. thus incraases the v eto 
auengtti of the base material at the bottom end of ma 
bmcNhQ chamber 32 and In the ooOet members 36. 
aa Thao«detmen*eraarefomiedintoar«rfs«bsor». 
lUiyctalVfadtolcroaa^ection by plastic doformEtionL 

Aadaaerfced above, I is prefarrad under most con- 
Akme toeenwey md control the downhole forming ap- 
pMtus 200 by means of wireline IIOi bul under oenain 
oondMons. e.g.. under-balanced weflbore ooncftions. 
for in ahiQhly deviated or horieontaf wefl) a coded tubing 
equipped wfih a wireine may reptaca the Mraline atone. 
Aa lluetrated 'n Figure 11B and described abcwe. ihe 
downhole tomsng apparatus 200 is ocienled, sM and 
tacked Into tie branching sub 30. Latching device 210 
into notch 162 as shown fen Figure 11B (see eleo 
Figure 12). >fydr8u6c pressure generBted by hydrauSc 
power unft 206 b appled to pbtons in forming heads 
122. l26Diaiarasuppoftedbytelascopiclinksieo Af- 



tar aforming sequence has been pedosnedL eie pree- 
sura b relaasad from tto pistons, and tie t a iPBC opic 
Ms 160 tower the forming pads dow» by one step. 
Then tie pressure b rabed again artd lo on unti tta 

5 iDrmhg step boompbtsdwih the oooa members ctr> 
cutarized. After tt>e outlet members are expanded, tw 
downhole fonrnig apparatus 200 b reroved from tte 
parent casing G04. 

Figures tic »>d 110 Bhtstrate the csmertlng steps 

10 tor connecting the parent casing 604 an* Rebranching 
sub 30 into tw weO. Plugs or packers BBO ara instaBed 
into tw outlet members 3ft 38. The p «o f e I ed w a y to set 
t>e packers 800 b wlh a mutipis ttead stoger 602 oor>- 
veyed eitwr by cementing siring 604 ora coOad tubffig 

rs ^BUstr8tedy.Amul^headslingarindudeerou»- 
pto heads each equipped witi a oamecdng Bow shoe. 
The stinger 002 b iBlched and orienledistta branching 
chvrbar 32 of branching sub 30 in a rrwwiaraimibr to 
tifll dtecribad ilwva w«i laaped 10 F9ff» tia Aa I- 

» mstratad in Figure 11D. cement 900 bffjeded via tie 
camenttog string 804 imo tie packers BD. and after In- 
tiadng ttta packers 600 ftows throui^ oomrentkinal 
check VBlMS (not shown) into tie anmibs outtskia par- 
ent casing 604. including tw bottom brancMng sadbn 

<s 1000. Next, ttwcemenlvtg string 804 b^Dedout of tie 
hole after disconnecting and teaving packers 800 m 
placa as shown in Figure 11 E. 

As shown in Figure IIF. individual branch wels (e. 
g. 601) are selectrvoly drUed using any suitable drilling 

90 technique. After a branch wel has been ckVad. a liner 
805 b mtaOedl oorviected. and seatad in ihe outlet 
member. 36 tor example, wih a omnm^^uaai casing 
htfiger 806 fit outlBt Of me bianchiog sob 30 (See 
Figures 11G and 11 H). The iner may bacantont a d (as 

» Shistialed in Figure 110) or ft may be i tfr iwrabte de- 
pending on Ihe produdiogi or kijsction paranMiai% and 
a Moond brmh wel 606 may be driltad as Itosbatad 
InFigumllH. 

Figure 12 Ittustraies completiDn d branch weRs 

40 immabrmhingsubaianodeafapffsntwelhaving 
parent cask^ 604 njn tuough irttermedate casing 602 
md surface casing 600 from weUhea:: StQ. As men- 
ttoned above, parent casing 604 may be hung tram in- 
termedble cttJng 602ratier tian from veimad 610 as 

45 nusbated. This preferred method of oonpieiing me wet 
b to oorvtod me branch wels 801. BCBto a downhote 
nwitoid612 set In me branching chambw 32abow me 
junclkan of me branch welb 001. 80B. The downhoto 
nw^foU 612 b orientedand latched in branching Cham- 

» ber32kiam3nner8imtertolhatof the^oMttototofm- 
ng tool as IBustiated in Figuras 8A. BB and lia The 
downhoie manitoW6l2altowster eortxd of tfca piorkic- 
tkjn of each respect!^ branch wel andptmidas tor se- 
lective reentry of me bmh wels 801.3)8 «ah testing 
« or maintenance equipmsni which mB§ tm oomrayed 
twough productksn tobing820 tram me surCace. 

In case of remedU worti in tie patont casing 604, 
the dowrmole mamokf 612 can bolate me perenl well 
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from lha branch wens 801 . 80e by plugging tho ouOet o« 
lha dbwnhole monifDU 612. Tbb b dom by oonyeyi^ 
a packer through production tubing 820. arvl setting it 
in tha outlet of dOMnhole manitok) 612 before dbcorv 
riectingarxf removing the productian tubing 820. Vblves 
oonlrottabia from the aurlBce and tasting equfynent can 
also be placed in dowihola aqMiprnent The down- 
hold manJtokf 612 can also be connected to muk^ 
completion tubing sucb ttiai eact) branch wall 601. 808 
can be indapandantly ccnnadad ID tfM aurtace woi- 
heedL 

The use ol a branchhg sub lor branch imdI lomta- 
tlon. aa descrtet abo¥a. lor a tr'«)la branch weB oonfig> 
uiation. aBows the uaa of dramatica]^ BTOOer poranl 
eaaing aa compared to thai raquirad in tie prtor ait ar- 
langamanl of r^uraa I Aand ia Tha lalationaNpt be- 
tween tie branching aubdtamalarDat, ttiemaDdmum ax- 
paiKlBd oiitlat dhvnelar Doi andiha modnum dtameiar 
cl a oorwarilional anal branch C3^ tor a torn outM caae 
b shown in Figura 13A and tar a twaa ouOat case in 
Figure 1 38. The aama kind of anaVaia appHaa lor other 
muRlpla ouUet artangamenta. bi oompanson to an 
aquivBlanl axial branching that oouki bo made of inera 
packed at tie.and of the parent casino, (ha branching 
wel methods and eppamtus of the proeartt invention al- 
low a gain in branch cross-aectionai area rartging tram 
20toB0 percent 

Figures 1 4A-1 40 ikjstrate various useeof two rtode 
branch wefl oonSguratnns a Dcord w g to the irwantiorv 
Figures 14A and 148 Mustratd abrancMng sub atanode 
a ccordkig to the irrvention. r^ur* 14C Sustratoa how 
branch wels iray be used todrain a angle strata or res- 
ervoir 1100. aMa Flgum 14D akisbataa tfia uea of aain- 
g|a node by vMch muR^ple branch wala are (flredad to 
dHlaranitargal zonae 1120, 1140. Ilea Any branch wefl 
may be freetad aa a ainglto wel tar any hianranltani 
plugging, or abandbnmertf. sepaiala from toe other 
wela. 

Deeoriptlon of Allamatlva Emiiodkneni of a Branching 
Sub Aooofding to the Irwentnn 

a) Deacrfptnn of AMematlve 8imhhg 8«ib 

Figures 20A and aOB show an aftamatfve embodh 
meni 9000 of the bwention of a bianchhg sub. Figure 
20A shows an exterior view of the brandling sub 3000 
kickidng a housing 3002 having threaded ends 3004. 
3006. Ihe bcanch'ng sub 3000 of Figures 20A. 206 is 
Hustrated in an expanded or post-formed stale. The 
brmhing sub 3000 includes a mato 3010 which 
defines a feed throu^ channel »11 (see Figure 20B) 
and at laasi one tatMBi blanching ouM 301 2 whkii da- 
inaa a krteralchannel 30l3(see nguia 208). A blanch- 
ing chamber 3008 is daanad bahiaan ttta top channel 
3007 md toe teed torough channel 3011 and laleial 
channel 301 3. A bottom hole assanrMy (BHA) daflacUng 
area 3015 separates main pipe 3010 from tateial 



branching outlet 301Z 

Inaretmcted state, ihe branching aub 3000 may t>e 
placed in series wth sectiortt of wel casing and posi- 
tioned in a borehole wit) the running of the casing string 

5 into the tiorehole. After pbcemeni in the borehole, the 
housing of toe branching sub 3000 is post-lormed so 
toat both the feed flvough channel 3011 and the later af 
chmel 3013 (or multiple branching outleU) are shaped 
to a final geomedy which increases resistarKe to pros- 

10 sure and wfuch maximizes the drffi cfiameter of the lat- 
eral channel 3013 and toe teed Ihroufi^ channel 3011. 
Ixngftudtoal ribs 301 8 provide strengto to Itie housing 
3002 of the branching sub 300a Longihxfinal rto 3016 
axiandalhaantira aaoallBn^of tfia branchingaub3000 

'« andlslnitograiwRhtoaBHAdaflaeUngaraa3015tera 
dhtanca tram toa tioaom toraadad and 3006 of too 
branching aub 3000 toiha branching chamber 300 8 . 

Figuraa 21A-21D ecfwmatfcaly ■uatrato toa 
bimhing aub 3000 in fta retracted state (aaa Figuraa 

» 21A. 219) WKl in its eoqpandad stale (eee Figures 21C. 
21D)l to toa retracted state shown in Figures 21 A. 21 B. 
toe main pipe 3010 and the branching oudet X12hava 
been prefabricated so thalihe maximum outer (fiameter 
D of the branching sub 3000 is not greater than toe top 

2S threaded end 3004 or bodomtoraaded end 3006. Figure 
21 B. tB)cen ak3r>g section Ine 21B of Figure 21 A. Ilus- 
trates the obtong shape of toe feed torough channel 
3011 of main pipe XI 0 arxl of the laterai chanr>ei 3013 
of lateral branching oudet X12. to the retracted slate. 

so branching sub 3000 can be placed between sections of 
borehole casing and run into an open borehoto to a se- 
lected depth. 

Figures 21C and 2iD achomtflcaDy Bustiate toe 
branching aub 3000 after i has had Na toed torough 

X chv«wlS011axpwidsdand«aiBtaralchannel30l3ex- 
pandsdL The maximum dtemeler in the soqpendadaiala. 
paitoimad itownhola. at aedion fna 21D is IT aa com- 
pared to the dtometer 0 of the top and bociom threaded 
ends 3004. 3006 of the branching sub 30OO. Figure 210 

40 muetratee that the main pipe 3010 end the laierat 
branching outlet 301 2 rot on V have been expanded out- 
wensy from their reuactod stals of Figures 21A. 21B. 
iMitMtoey have been substanttaOyckcubrfzed. Thus, 
h Figure 21D. feed fvou£^ channel 3011 and tateral 

45 chmel X13 are characteozed by substantiaBy circular 
intemat dtamelers. 

The dofwrtoole post-tonntog method and apparatus 
Busbaled and descrtied above tjy reference to Figurss 
7A-7E. SA. BB. 9 and 1 0 are used to expand toe lead 

BO torouGh Channel 3011 and Ihe lateral Channel 30ia 

The construction of brarching sub 3000 is based on 
the oombki^ion of maieriBi and geometrical properties 
ol the BHA daaedhgafaa 301& The material is speei- 
icaiy aelected and treated to allaw a toiga rate of dolor- 
s' madonwltooul cracks, The geometry of toe waliaaueh 
that boto ta combined Ihidneas and shape ensure a 
continuous and progressiwa rats of datormation during 
toe expansion. The plastic de f ormation increases ttie 
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yield tfrenom by ooU work •fleet and hone* gives i)w 
ioht « acceplid>le efrenglh ttiei b required to eupp^ 
tlw pressure and Krwr hangirMl tCKces. Figure 22 shows 
that the yield strength aft er expanscxi ncreoeee wHh the 
rate ol deformation oflhe ouileis. A prsterred material 
for itee n the poet4orniing areas is a fine grain norvnal- 
ized caiton steel or an euslenlie manganese aOoyed 
steel eat reacts lavoraMy to cold working. A prel6(T0d 
constroction method Is tomanulacture dWerert specAc 
oompcrients in order to optimize the materW and kxm* 
ing piwess of each pertieutar pan ^ a final stage, me 
oomponenu are wekled togedier eo thai •>e housing 
3002 becomes one single continuous stnjctnrai sheL 

b) Descrtptkm of Use of AlternatKm Branching St^ 

Tigura 23 scfMmelicalV ■wtratee the «sa «f me il- 
temcdiva bmhing sab 3000 as described above. A 
prafenad uee of tie branching aub 3000 is lor prawidng 
mul^ brmhes In a parent well Sucti miA^ 
brmhee may improve toe drainage of aaubcananean 

formataon. 

Before ttie inventkm of the branching sub 3000 <rf 
Figures 20A. 20B and 21 A-21 D. connection of a lateial 
braich to a parent wel has ganerarv madt use d an 
arrwgsmant of saveiBl parts with sealing of the brantfi 
wel to the parent wea wih njbber. roMn or cement Sixtt 
)oinu require a Gomptox method of inctaHatkm and 
presM a risk of hydraufic isolation Ukre after eeveral 
pressure cycles in wel. 

The bcwKrfwig sub 3000 accord«g to lha invention 
aOows tor providing mut|ple branchee from a pareni 
casing with no saaing Kxni. but wfth conventional Iner 
hmging (KKkera and casing Mnts. The geometry of tfie 
housaig3002ofthabfanGMnoR*3000alo«alhapfasr 
sura rating of the eub and fta aite of the branch toba 
maBdnwedwtti regaidtotia parent casing size. Figum 
23 shows wi eocampto of the uee of a branchfog sub 300O 
whara. artar axpansion dowrtnte. branch wens 3014 
are piovidad id aapaiaia pana of tw aarti*^ oust by 
mecvts of lateral chartfiels 301 a The branch weOs 30' 4 
em be used for eodiaeikin. storage or infection of vano^ 
fhridasudi as monoorpdy-phaslelkJide of hydrocarbon 
products, siaam or watot 

c) Deeofplkin of Deflection Apparatus and Piocadume 

Figura 24 Musbatee how e driffing tool 3030 can be 
guktod or deflected from main pipe 3010 into lateral 
branctiing outlet 3012 after the tjranchirtg sub 3000 has 
been expvtded downhols. A denectmg tod 3036 is set 
m irw ppe 3010 by means of elements «Mch cooper- 
ate 1^ Ihe posUkviing groove 3040 and orienting cam 
and slol 3042 Ihjstialed schematicaay. 

Several lateral branching aubs can be atacked in 
iMKlem at a tocatkm in the weR or at awaral plaoes 
alortg casirtg stririg in order to provide opiimatoorrv* 
munication with various lormalnns from the parent weH 



Figure 25 ilustiates two branching subs SOCO acoorcfing 
to the aRernathre firnbocfirrnnt of the krvertfian wiMch aro 
ccrvMicled in tandem In a casktg string 330a Where t«K> 
or mere branching subs 3000 are oonnedeo in a casing 

5 string 3300. each sub can be oriertfadwihrw same or 
a onerent face angto tor the lateral branches. As Boon- 
saquence. deferent angubr orientatkms tiron the parent 
wea may be provided to react) a large voturae of subter* 
raneoi tonnstions with d^erent tateral branctwes. TDe 

to casngstring3300meybeorientedvertcaayorhorizon- 
tally, or a may be tited: but the lateral brantfws may in 
any case extend tateraly bom the parart casing. Al- 
tfmigh departing at a narvaw angto bom lha casing 
etring 3300, tataralborehdeafiom the t a ao l ort hiia fll 

15 brwchbgeubaSOOOcaibadiraetfonaHydMtoavar. 
tical daviOlad or horizonM orisnlBtion. 

Flgwaa aOA and 2BB Aiabato ■ driUHs c^p 9400 
welded about the opening of taMt branMng oitflat 
3012 h Is mbacted and axpanded ooncitiana, ncpec- 

a» tMy. When conveying the easing string irtD Via bore- 
hole, thacip 3400 ieolBtee the lateralchannsl 3013 bom 
the borehole and maintains a (SnererttiBf prasaure 
across »ve casing wan which may be requiiBd tocontnol 
the borehole pressure ««)en casing Is conveyed ctown- 

25 hole. Wwn the lateral branch is to be driDsdL addling 
tool bores thiousfh cap 3400 and intoa lorrraliontotonn 
a bteial branch. 

d) Descriptkjn of Advantages andfaaiuras of 
30 Alternative Branching Sub 

As mentioned above, a single branchng sub 3000 
c«< be pTDvtoed with mow than one la lBi al« <tol Such 
muit^ euMa can be eopfanar wlh aadi otwr or non- 

X ccplww. Assigle branc h ing sub 3D0OcanbBttmnaci- 
ed in tandem wBh one or mom other bianeNno 
3000 attier at is top end or Its bottom end A branching 
sOb 3000 can be providBd wllh a fool at fts tower end in 
a simiar manner to foot 172 of Figure 8A 

40 Atateralbcmhingou0el3D12of Figu«20Bmay 
support a liner hanging packer which holds 3 liner con- 
nected to lt»e hou»ir>g 3002 in order tc ieoiale the 
bravhmg chamber 3006 from the borehott. Appropri- 
ate (^oovae at the top of the laterai branchino outlet 

4S 3012 n»y be provided to secure Ihe finer hanger and 
prevent the Inerliom accidentally moving ortdfto ort- 
let durtog the Iner setting operation or lalet Alemabvo- 
ly. the interior wal of thrlalefal branching oi<W 3012 
cm be provided wlhout groovas. 

so TbelateralbrvKhingoullet3012canbatarinnated 
with a fwnp that guides ttto drittng bi when starting lha 
dming of 9ie tateral borehoto. Such ramp can provert 
the dffiftig b» ftom aocider«aPy drilfing badi toMOid the 
main pfpa 3010. 

« Oher strucbiree may be pivwfded Inskto lha 
brwdihgchMibar 3008 such asaguidancarampi sec- 
ondBfy postioning groove, or the Ike to vafidaie con- 
veying eqM^pment ihrous^ toe feed thiDjg^ channel 
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in (aid retracted position. ar« characterized by 
an out »f curved shape when a racfial crou-eoc- 
tiyi or GaU brafKiiing outlel rnerrbers b viewed 
from outside said tmaginafy qrfinder. 

5 

2. The sub of/Ctaim 1 vi^ein said branching ouUal 
membeis. when in said retracted posUoa are char- 
actefUed by en outer convex or concave shape 
when a radial eross-fiecticn ol said bianchifig outlet 
re membewie viewed from outside sa'd imag ina ry cyt- 
Mer. 

X The sub oldaimi wherein said outlet membeis are 
daeigned and ananged siicfi thai m said eBcpamtod 
ts poeUon, each ol eakJ multiple ouiiel merabaa ok- 
tends h an arcuate path f torn said branching cham- 
ber ootwafdhr of said imaglnery cyfnder. 

4, The sub of claim 1 wherein said mutipie outlet 
to members in said expanded postion are character* 

ired by a eubstantiaJly drcubr radtel croes-sediorv 
at shape. 

5. The sub of daim 1 wherein said nwtipio branching 
25 outlet members are formed of a material which may 

be plaslica^ del omted by cold torming. 

& The sub ol daim 5 wherein said material is an al- 
loyed steel wlih auaienUc stnicture. 

90 

7. The sub of daim 6 wherein said material is a nickel 
aloy. 

& The sub of daim 1 wherein each of said mullpto 
X bianehhg ouUel members is of substanliaBy Iho 
same radbl cfoss-aedlonal erea. 

9. Thesubofdoiml wherein at least one of said mul- 
tiple branching outlet members is characterized by 
4o a radial cfoes-eecdonal area which is greatei tian 
at least one other of said munole branching outlet 
moml>ers. 



3011 or lowanl a spedfic tateiaf ch^mel 3013. The 
branching chamber 3006. or the ttteral brancttng outlet 
301 Z or the main p^ 3010. can be provided with tanv 
poraiy or pennanerC Sow eorord devices such as 
valves, chokes, or temporary or peimanoni recording 
equlpmerA wSh temperature, pressure or seismic serv 
sors. lor exampls. The br»ichlf)g chamber 3008 can al- 
so be pfOvUed with a production tubing inAedace wlh a 
flow oonnedor. or a flow diverter, or an isolating packer. 
Atateralbfanchingoudel9012canalsobeprovidedwih 
an artlkM nilng davios such as a punp. gas influx in- 
|eclors.8ndOiaHce. 

As an akemallve.lo 0«e appaiatus and iechnk|ues 
of Figuras 7-10 for aipanding the main p«>a X10 arvf 
the taM biandring oullel 301Z an irtlbtable packer 
may ba ptaoed on the hskie wal d tie main p^ 3010 
or the tatecBl brancMrtg outtel 3012 whereby the axparn 
sion force of the packer is used 10 expand the pipes by 
poMDC oeivrmBoon. 

Various modiBcatkna and aftorations in the de> 
scrtoed mechods and apparatus wil be apparert to 
those skKed ii the an d the loregdng descrtpdon which 
do nd depart from the spirt of the Invention For ihis 
reason, such changes are desired to be induded within 
the scope d tie apper>ded claims which include the only 
IMIattarw K> the present kwertOon. The descriptive 
manner wttich Is employed (or setting torti the embod- 
knenU shoirtd be Merpreted as Uustiative but nd liml- 
lallve. 



1. AiwuWpisbrwdUngsubdeMgn^t OT l a nangedtor 
depioymsfil in aborrtids oomprlsngc 

a brandling chamber having an open first erxJ 
d cyfindrical shape and a second end. said 
brBrKhir>g chamber designed and anangod for 
sealBdoorvtedlon at saUlirst end to casing in 
a borefwto! and 

nxAiple branching outlst membeis. each d 
which is integialy connected to said second 
end d saki brandling chantier. each d sakl 
mukfple branc h ing oudd members being ktnu- 
id communicallon witti said branchtig ch8rTfr> 
tar, said sub chvaderlied bf 
areiiactea poBiicn lor neeroon raoaDoreriow 
in wNch each d said mut^ oudst menters 
h substantialy tdaly witiin an knagkiaiy cyl- 
kider which b coaxial wfth and d substantially 
the same radka as sakSM enddsaid branch- 
ing chambers and 

an expended posMo n ki which taast one of 
eaidmukHpteouHstmerrbers ext e nd s fro m said 
brandkhg chan*)er n apaSh outwaidhr of sakf 
kroQ^nafy cyfihdeii and 
m^Mroin said iManching outlet memtwrs. n^ien 



IOl The sub d daim llurther comprising a leg men^r 
« canted substanllaly axtetty downwardly Uom sakf 
second end of said bianchkig chamber, and a loct 
dbposed at a dtetal end d said leg. 

11. The eubofdaknlwherektacenbaf support region 
» is defined at sakl second end d saki branching 
charrberb e iw oon htegralc u s ie ci i o n sdsakfmul- 
tiple branchkig oudei members to s»d second end, 
and further oomprisvig: 

» an extenston leg carried IfomsaU central sup- 

port region wMch extends axiaiy beyond said 
multiple branching outlet members: and 
a fod disposed at a distal end d sakf leg. 
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12. AbrwhingsubdestgnedandairanQQdtordeploy- 
«wri in a borehoto cxvnpfising: 

an integral housing having a lop end and a bot- 
tom end vid whkiti fSennes a brarwhif>g chanv 
bor. a main pipe, and a branchhg outldt, with 
said main pf>e and said branching outlet each 
bOTig bngitudinaty below eaid branching 
ch^rtoof ana each being n fluid oommtmica- 
lion wi*i said branching chamber, 
said top end o( caid housing being fibcva said 
bianchirtg chwpber and being adapted for oon- 
nection to borehola casing, and wherein said 
tap end is ctiataclerizad fay a oonneclion dom- 

n^brancMnBeubciierBCterizedbyaretracSed 
state (or insertion Into a borahde h vMdi me 
taoastdtamoteroCsaWhousingai any position 
tftong ks longfaxflnal tongih is no greater than 
said conoedion diamaier and 
m axpmtedstate h Mihich saidbranctiingoiil- 
tal extends oulwaidy from said branching 
dmberwittia diameter of eaid housing in said 
flo^anded state being greater than said oorv 
nection dtemeier. 

13. The branching sub of claim 12 ^wherein said main 
3ipe has an erx) which defines said bottom end d 
said housing and which extends longitudinally be- 
ow an end ol said branching outlet. 

14 The brmhing sub oT claim 12 wherein said main 
has threads provided al said bottom and lor 
oomection to borahole casirtg bekMt 

tSL Ihatachhgsubof daim Uwlwrainlhafauact- 
edstates^fnainp^ischaractorfzadbyadfcular 
nsida ladU seeiim shape at said bonom and and 
a non<ireular inside radial section shape at a 
on^iudMposilion below said branching chamber 
^ above said bottom and. and said branching out- 
01 is characterized by a norxarcutar inside radial 
section shape at a longitudhal position below said 
jf arKtiirtg chamber. 

16l TbebrmhingsubofclBim 15 v^e in the expand- 
ed State said brarKMng chamber and said man 
pipe ve c»wactertzed by a substantiaOy constam 
nrat dteroeter or a circular inside radal shape from 
said top end to said bottom end. and said branching 
ounei is chafacierfzed by a substantially oonsteni 
second diametor Ol a orcular inside radial shape 
from said brmching outtet and to said branching 
chamtoei 

17. The branching sub of daim 13 further comprishg a 
first longitudinal rib which is integral wth said hous*. 
ng mS which eiaendB from said bottom end to said 



top end n a pam along the exterior o( said housing. 

18. The branching sob oCciairm/ further comprfeng a 
secor^ longitudinal ri>, spaced por^pheraBy Irom 

s eaid first longmidral ifb tAvch eidends from said 
boQom end to said top end in a pam along the ax- 
terior of said housing. 

19. The branching sub of claim IB further oorrprising a 
to deflecting stnicture which separatee said main pipe 

from said brmching outlet from said bianeMng 
chamber tongftudbialy dowiraaid to said end of 
said branching ouUsL 

ts 20. Thabr»iching6uboldaiml3furt»wroompfishga 
drilabto cap secured to said snd of aad branching 
ouilaL 
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